Introduction
Tunneling magneto-resistance (TMR) junctions have been used for high sensitive read devices in high-density magnetic recording systems. It was predicted by calculating spin dependent conductance using first principles modeling that Fe/MgO/Fe sandwiches have a large magneto-resistance ratio [1] . The conductivity in up-spin electron is larger than that in down-spin electron for the ideal structure. It leads to the large TMR ratio. Yuasa fabricated fully epitaxial Fe/MgO/Fe magnetic tunnel junction and observed a large TMR ratio at room temperature [2] . However, the sensitivity varies in practical devices, although it is thought to be dependent on the interface structure of the junction [3] . It is difficult very much to evaluate the interface structure in practical devices by non-destructive testing. In this paper, relationship between the non-ideal structure and the asymmetric behavior in the currentvoltage characteristics of the junction is investigated.
Calculation method
TMR ratio of junctions with insulating MgO barriers embedded between ferromagnetic Fe electrodes has been investigated by the first principles calculation program of Atomistix ToolKit 2008, which gives essentially the same result as Butler [4] . The calculation method is reliable because the calculated results are reasonable. Large magneto-resistance ratio of Fe-MgO-Fe junction can be understood by the difference in transmission coefficients corresponding to the up and down electrons. Figure 1 shows the geometry of NaCl-type MgO layers between two bcc Fe electrodes. In the x-y plane, the unit cell is repeated periodically. In the z direction, the system is divided into a central region containing the MgO layers surrounded by three Fe layers on each side, a left electrode and a right electrode with three Fe layers each in the parallel or anti-parallel spin configuration. The central region is solved as a scattering region and the electrode is treated as an isolated bulk. Electronic structure is calculated by using the generalized gradient approximation based on the local spin density approximation. Perdew-Zunger parameterization is used for the exchange-correlation potential. Non- conserving pseudo-potential approximation is used for core electrons. The number of k points is 900 and cut off energy is 200 eV. Initial distances between atoms shown in the figure were determined to minimize the total energy. The lattice constant of Fe is 0.2866 nm. Effects on the lattice defect and strain on the right side of the interface between MgO and Fe layers are investigated. The polarity of the current is defined as positive, when the current flows from left to right side of the junction. Figure 3 . TMR ratio increases and saturates after a small vibration as the thickness increases. It is predicted by the theory of the square well potential [6] . Figure 4 shows tunneling conductivity for up and down spins of the Fe-insulator-Fe junctions in the parallel spin configuration. The conductivity difference, which leads to the large TMR ratio, is very large and the insulator shows the spin filter characteristics especially in the case of MgO and BeO. The Mg defect makes almost the same effect as O defect. Figure 8 shows the asymmetry for Mg defect of site 1. However, the calculation does not converge for Mg defect of site 2. The conductivity increases on the positive bias by introducing the defect, although the conductivity does not change very much on the negative bias. Especially, it increases very much for Fe defects and goes up as the bias voltage in the case of the Fe defect of site 1. Figures 9 (a) and (b) show the effect of lattice strain on the conductivity for up and down spin. The distances w and f denoted in Figure 5 . change from the equilibrium value of 0.417 nm and 0.287 nm, respectively. The strain hardly varies the conductivity in both up and down-spin electrons. So the strain does not decrease the TMR ratio very much. And the effect of the change in distance w on the asymmetry is little as shown in Figures 10 (a) and (b) . The quality of the junction can be evaluated by an asymmetric behavior of the current-voltage characteristics. 
Results and discussion

Conclusion
The defect of O or Fe atoms hardly varies the conductivity in both up and down-spin electrons. The defect of Mg atoms increases the conductivity in down-spin electron, although the up-spin conductivity does not change very much. So the defect of Mg decreases the TMR ratio. It is found that the asymmetric behavior of the conductivity is caused from the atom defect around the junction, which leads to the degradation of the TMR ratio. The author would like to thank Mr. Yoshino for his support and valuable discussions.
